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ABSTRACT

Performance tests on a wet type dust colliector were.made using
four different test dusts to determine a relationship betweep dust
collection efficiency, particle size and size-diétribution, collector
noz;le velocity, and collector geometry. Dust laden ailr entered the
collector and impinged'upon a water surface af nozzle velocities in
the order of 10,000 fpm. The fraction of dust which penetrated the
collector was found to fit the equation

2.61 -0.939 . 0.146
TC=233p, -V - J
where

JU = collector penetration (lOO% minus efficiency)

RES
!

Geometric Coefficient of Variation of the test dust

Geometric Standard Deviation
Geometric Mean Diameter

Vv = collector nozzle velocity in thousands of fpm

J - length of jet throw to mean water level
nozzle throat dimension

TC was found to vary from 0.121 percent with Corundum dust‘to
8.68 percent with Alundum dust. The nozzle velocity range was from
68L0O fpm to 14,130 fpm and the range of J was from 6.85 to 27.L4.
‘Corundum dust was found to have a value of ¢g equal to 0.123 with a
geometric méan diémter, Eé , of 11.9 microns while Qg and aé for
Alundum were calculated to be 0.521 and L4.84 micronS‘respectively;
The four test dusts were sized by a sedimentation method.

A The Function équation fits the experimental results with an
uncertainty of + 12 percent. ‘
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LETTER SYMBOLS

a length of Jjet throw; acceleration; radius

‘A area; asymmetry parameter

da particle diameter_

a arithmetic mean diameter

aé géometric mean diameter

D drag force; abbreviation for dustl
D orifice diameter

f,F function; force
g acceleration of gravity

G -apparent specific gravity

h " height

J dimensionless ratio pertaining»to dust collector geometry = %
k constant

K constant; flow coefficient
m mass; mode

M  median

n sample size

P pressure

o] velocity component

Q welght flow rate

r radius

R gas constant; coordinatél

Re Reynolds number

s standard deviation
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-geometric standard deviation

- skevwness parameter

time

temperature

velocity componeﬁt in the x-direction
velocity'

specific volume; velocity component in the y;directioh

accumulated weight falling full height ofISuspension‘in time t©

accumilated weight deposited in time t
velocity component in the z-direction

expansion factor

GREEK - LETTERS

temberature correction factor
gpecific weight

nozzle throat dimension

‘angle

dynamic viscosity

collector penetration; 3.1416
mess density

sgmmation

error

Vafiance

éheaf stress

coefficient. of variation

vector operator del
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SUBSCRIPTS

dry air
dust type

fluid

- geometric

number

collector geometry
mixture

nozzle

angle

pressure; particle
fadius

coordinate

shear

saturated vapor
vapor

nozzle velocity

water column
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INTRODUCTION

Although various types of dust collection equiﬁment have been in
industrial use forvmany years, their operation is still not fully
understood. It is very difficult to prédict accurately the performance
of dust collectors and any new approach to the problem is a welcome one.
The dust cbllector deélt with in this presentation could be classified
as a scrubber. It was designed solely for the purpo;e of investigating
some of the more important variables which influence‘dust collector
performance. The vézdables-investigated were the collector geometry,
collector nozzle velocity, and various properﬁieSfof the test dusts.

A factorial plan was used to investigate the effect of these variables
on collector penetration, and this approach is explained in Chapter 3.
'Simble stétistical tests are used throughdut the presentation as a means
of revealing the significance of the data, as well as determining the
error in the function relation. The discussionAof particle sizing by
sedimentation has been cohfined entirely to Chapter 2 to avoid confusion
on the reader's part since .the subject éppears to be separated from the .

problem investigated.



CHAPTER 1

1.1 DUST COLLECTION THEORY

Dusts can be formed by nature or they can be formed by mechanical
processes’éuch as the reduction of larger masses by crushing and grinding.

The performance of a dust collector is usually expressed in terms
of collection efficiency and is computed as the weight ratio of dust
collected to dust entering the collector. Another way of expressing
collector performance, called the penetration, is the weight ratio of
the dust not collected .in the collector tb the weight of dust entering
the collector. The penetration, JU , is equal to 100 percent minus
the efficiency. The wet type dust collector used in this presentation
was designed fo trap suspended solids in a scrubbing liquid, usually
water. The dust-laden air stream is passed through a nozzle to form a
high velocity jet which impings vertically upon a’water'surface. The
air forms a trough, see Fig. 1.4, penetrating some distance below the
mean water level, makes a small-radius 180 degree bend and escapes from
the collector. The dust particles, because of their greatef inertis,
tend to be collected by the water. The air in the trough sets up a
spray action above the liquid, a wave motion on‘the water surface, and
a circulation of water through the entire water bath causing thorough
mixing of the solids in the liquid. The scrubbing action of the trough
and the water droplets formed, tend to increase efficiency.

The wetting characteristics of the liquid do not necessarily play
a major role in the actual process of dust collection, although wetting

agents may serve to avoid re-entrainment of dust particles once they



have been impinged on liquid droplets. (10)

Some scrubbers are not very effective in coilecting particles
finer than about 5 microns, or 0.005 mm. The more effective scrubberé
will collect particles of about 1 or 2 microns but penetration increases
rapidly for finer particles (10).

Probably the most important variébles influencing collector
penetration for the dust collector used in this presentation are the
pfoperties‘of the dust such as size distribution, shape, density; and'
the velocity of the dust-laden air at contact with the liquid surface,
It is this jet velocity which determines the intensity of the scrubbing
action and the formation of water droplets. |

It iSAeasily seen that penetration should decrease with increases

in jet velocity and/or particle size.



1:2 DUST COLLECTION APPARATUS

Figure 1.1 is a flow diagram of the dust collection apparatus.

.Compfessed air at espproximately 80°F and 7S5 psig is reduced‘in
pressure, passed through a tank containihg water, and then~metered.
Some'of the clean humidified air is then bled through a dust.feeder
which provides the dust-laden air to be cleaned in the collector.
Dust which pengtrates the collector is passed through an air sampler
containing a paper filter. The dust feedef and the paper filter ére
weighed before and after a‘run so as to determine the penetration.

Figure 1.2 shows-a view of the dust collector énd the air sampler.
The dust feeder is shown in Figure 1.3. Figure 1.4 gives some
indication of the extent of the scrubbing action and water droplet
formation taking place in the collector.

During operation, a small amount of clean water was continuously
added to replace dirty water carrying solids to waste. The water level
in the collector was controlled by adjusting.the pfiméry wéif, weir A.
The pressure in the collector was balanced by a secondary weir, weir B.
The collector itself was coenstructed out of plexiglass with a
removable front for cleaning and changing nozzles. The.Qverall
nominal dimensions of the collector were 28" high by 9" wide and 2"

deep.
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FIGURE 1.2 PHOTOGRAPH OF DUST COLLECTOR
AND FILTER HOLDER
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FIGURE I.4 PHOTOGRAPH OF SCRUBBING ACTION



Collector Geometry, J

Figure 1.5 shows the collector nozzle configuration. The depth
of the nozzle passage is 1.47" and the radius of curvature of the

‘nozzle is approximatély 4", The parameter used to describe the

collector geometry is given by

Jd = %- where
a = length of Jet throw from nozzle discharge to mean water level
§ = nozzle throat dimension = 0.109"

The variable 'a' was changed by adjusting the water level in the
collector. For this experiment, the range of 'a' chosen was from 1"

to 3" so that the range of J was from 6.85 to 27.4.
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Figure 1.5 Collector Nozzle Detail
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Nozzle Velocity, V

The- jet or nozzle velocity used in the correlation was found by

first calculating the quantity of air through'the orifice.

The amount of ‘air supplied to the collectbr was determined from

the orifice equation (18)

where

For | DO
K
124
Y

Q@ = 359.1 KYD X\¥hy 1bs./hr. (1.1a)

K = f;ow»coefficient

Y = eXpanéion factpr

Dy = orifice diameter, inches

o = température correction factor

Y, = specific weight of air at orifice inlet, 1b/ft3
hy = orifice drop, in w.c.

0.520 inches
0.725
1.00

1.00

equation (1.1a) became

or

Q 70.5N¥h,  1b/hr. - | (1.1b)

- 1.18\¥, hy 1b/min. (1.1c)

Q

Substituting the cdntinuity‘equation between the orifice and the

collector nozzle, Equation (l.lc) becomes

where X n

¥ nfnVn = 1.18 4?ﬁi~ 1b/min. (1.2)

specific weight of air at nozzle throat, lb/ft3
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2

area of nozzle throat, ft

Ay

V

n velocity of air at nozzle throat, ft/min.

The nozzle velocity then is

v, = 128 N¥hw f£t/min. o S (1.3)
SR " /
For A, = 0.161 in®
then V; = 109+ﬂl%ﬂm ft/min. (1.4)
n ’ .

Since we are dealing with a mixture of air and wéﬁer, humidity
must be considered in calculating 8< and X;.. vThe relative humidity
of the air léaving.the_humidifier is assumed to be 80% (16). The
temperature of the air for all runs was 69 + 1°F. |

The specific weight of the mixture was

Yo = ¥, v ¥, : (1.5)
where
x,V = RAox z’s.v.
= .0.001 1b/ft3
and Y, = 1(P-Pv)
a RT
and
X’m = specific weight of mixture, lb/ft3
Ya = specific weight of dry air, 1b/ft3
¥y = specific weight of vaper, lb/ft3
Xs.v. = specific weight of saturated vapor, 8%3 lb/ft3
Py = vapor pressure, 0.351 psia.

R.H. = relative humidity, O.80
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R = gas constant, 53.3 -é%;{%%t
T = temperature °R, 529

x’n in Equation (l.h) is assumed equal to the specific weight of the air
in the collector, downstream of the nozzle, . and both X: and X% in

'Equation (1.4) can be found from Equation (1.5). i

The nozzle velocity V used in the investigation is given by
Equation (1.4). The velocity range selected was from 6840 to 14,130
fpm. This velocity range was the maximum that could be obtained without
having te readjust any of the Valves,.except the supply air‘vélve, shown
in the flow diagram, Fiéure 1.1.

The fluidizing air.and,aspirating air for the dust feeder were
adjusted by manually operated control valves to provide the proper
amount of feeder air for the dust samples. This is indicated by
manometers 3 and 4, Figure 1.1. The air sampler contains a suction fan,
whose static pressure can be adjusted to compensate exactly for the
increase in pressure drop caused by the build up .of dust on the filter

paper. Thus the back préssure in the éollector is maintained constant

~throughout a run.

Collector Penetration,TX

The most critical part of the experiment is the actual calculation
of the penetration itself. - For dusté ﬁaving véry low penefrations, the
amount collected on the filter méﬁlbe so_sﬁé;l that a change in
moisture content of fhe filter paper ma&uresult in an apprecigble error

in determining-the penetration.
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The paper filters used were found to change their weight by as
much as 2 mg. under ideal test conditions. |
The welghing procedure was as follows:
(i) the filters were ﬁlaced in weighing bottles aﬁd.oven dried

for three hours at 250°F;

(ii) the filters were then removed from the oven .and placed in é
dessicator jar where they were cooled to room temperature and then
ﬁeighed;

(iii) .after a dust Qollectortrun, the filter used was put through
(1) and (ii) until no change in weight was observed.

An alternative approach, that of igniting the filter after a runA
and Veighing the residue to determine the penetration,.could have been
used but it was felt that the ignition might affgct-the dust so that
a true weight would not be obtained.

In summary, then, all dust collector runs were made at.pre-
determined nozzle velocities and collector water levels. All runs
making up an experiment were_repeated under. the same opefating
condi£ions but not in the same sequence. Different sample sizes wére

used in the second set of runs.
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CHAPTER 2

2.1 PARTICLE SIZE DETERMINATION

Since a correlation of collector penetration with psrticle-size
and size distributicn as well as nozzle velocity and collector.water
‘level is to be attempted, it is necessary to find a suitable.means
for sizing the particles.

The characteristics of a singie particie are seldom of icterest,
but the mean chéracteristics of a iarge collection of pérficles enable
the sample to be idenfified. These medn charscteristics or stasistical
measures are calculated from data obtained by the measurement method‘

chosen.. The most widely used unit of particle size is the micron.

-

1l micron = 0.00l mm = 10 cm.

1 . .
—5Lop I

The term .'particle size' generally refers to the average or
-equiValent diameter of a particle. The particles used in this text
»are,of thc sub-sieve rénge,_appfoximately less than 50 microns.

The following approximate values assist in.formulating a physical

concept of such fine particles. (l)

‘Table 2.1 Scale of Magnitudes

Diameter of large molecules 0.005 microns
Wavelength of visible light 0.5 "
Atmospheric dust © 0.5 "
Talcum powder .50 "

Limit of vision with unaided eye 10-40. "
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Flour "10-100 microns

Diameter of human hair 50-200 "

The dust samples were sized by a liguid sedimentation metﬁod,
in which an initially homogeneous dispersion was -allowed to settle
out onte a balance pan. The total weight sedimented was automatically
recorded as-a function of time. Then the size distribution was obtained

from the slopes of the weight versus time curve and Stokes law.

Stokes Law fof Falling Spheres

Sedimentation techniques depend on Stokes law of resistance for
a sphere falling with zero acceleration in a fluid. The resistance

law is developed in Appendix A. It can be wriften as

D = %#Vd . (2.1)
ot ' . - o_cm
where g = acceleration due to gravity, Sec?
D = drag force due to pressure and shear, gnm.

dynamic viscesity of fluid, gﬁgggg or Poise

=
n

1

velocity of the falling sphere,cm/sec.

d.

diameter of the sphere, cm.

The drag term in'Equation (2.1) can be eliminated to make the
equation more usable. .

Consider one dimensional vertical motion of a sphere of diameter
d, density PP , and volume v having zero acceleration in a fluid of
viscosity 4 and density 6?

Then,

]
o]

LF = viep- pe)- D - m
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and 3 .
- INIa -
D = < ( e:p efJ gn
Substituting Equation (2.2) in BEquation (2.1) and simplifying,
then ‘
8. -
S Loy o ¥ | (2.3)
P p - @r g

If the sphere falls a height h cm. in time t minutes then the

diameter of the sphere in microns is given by

a = 175 V M . B nicrons 2.4
Pp - Pt v o (2:4)
Equation (2.4) is a convenient form of Stokes law for determining

the diameters of freely falling spheres having zero acceleration in .a

stationary fluid.

Limitations on Stokes Law

Equation (2.1) has been'derived under the important assumption that
inertia terms in the Navier-Stokes equations can be heglected. The law

is only approximate even for very low values of Reynolds number since

Re = Inertia Forces _ PrdV | (2.5)
Viscous Forces M

The error in velocity due to inertia forces-beiﬁg preéent has ‘been
estimated by Davies (8). He estimated that values -of Re corresponding
to error of 1, 5, and 10 percent in thé velocities of settling spherical
particles are 0.074, 0.38, and 0.82. A maximum Reynolds number -of 0.3
was used.in the present work, so the maximum error in velocity was about

L pércent. The particle diameter corresponding to a maximum Reynolds

number of 0.3 is calculated below.



17

From Equations (2.3) and (2.5) we obtain

2 .
- 18 .
d3. = P A 7 ‘Re (2.6a)
£( Cp - fr)g
which can be written as
2
18
a3 = M . Re (2.6v)
Pr2(c-1)e |
where G is the specific gravity of the particles.
The allowable diameter corresponding to a makimum‘Re -= 0.3 for

spheres settling in water -at 20°C is

1ol 18(0.0105)2 1/3

dmax = 1(G-1)980 microns

85

G131/3 for Re = 0.3 (2.7)

On the other hand, when the particles -are small compared té the
mean free path of the molecules in the medium -surrounding them, there
is a tendency for the particles to slip between the spaces not occupied
by thevmolecules.A Correction factors made by Stokes-Cunningham are
applied to particles smaller than O.1 microns settling in air at
standard conditions (4).

Heywood (14) gives the normal. lower limit of particle diameter
determined by gravitational sedimentation.as 2 microns and with careful
temperature control particles can be sized down as find as 1 micron.

In this presentation, a 2 micron lower limit is used.

Stokes law does not account for interference effects between

particles and from the walls Qf.the sedimenting &essel since it'applies

only to particles falling in a medium of unlimited extent. Careful
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tests (13) have shown that for dust concentration not greater than 1%
by volume the errors due to particle interference and the walls of the

container ‘are negligible.

Particle Dehsity, Medium'Density and Viscosity

The particle density, @, , was calculated as follows (16).

A pycnometer flask was weighed several timgs; (i) empty; (ii) partly
filled with test dust; and (i;i) with the test dust-.and sufficient N
distilled water to filllthe éalibrated flask to the etched line on .the
neck. Before final weighing, the mixture was dispersed,. brought slowly
to a boil to eliminate air bubbles, and cooled to fhe temperature at
which the pycnometer was calibrated. The weights of the dust and water
were found by difference. The difference between the water volume aﬁd M
the contained volume was the sample volume from which the specific
gravity or density could be determined. The procedure was repeated for
all the test dusts and the resﬁlts checked against data from tﬁe
manufacturers and handbooks. |

Distilled water was. used as the sedimentation medium. Values of
density and‘viscosity for distilléd water .at various temperatures .are

shown in Figure 2.1.
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2.%.2 SEDIMENTATION METHOD AND APPARATUS

Figure 2.2 is a photograph of the complete sedimentation apparatus.
In operation, a sample of the test dust is thoroughly‘dispersed in the
sedimentation column.  At the bottom of the column a pan is suspended
frem the bgam of an electronic recording balénce. The weight'of dust
.deposited on the pan causes the balance beam to deflect. In so doing
more light is directed onte a photo-cell which sends a signal to a
motor. The motqr transmits a restoring force to the balance Beam. - At
the samé time the recorder pan is moved to a new position bn.the4paper.
The paper moves at a constant épeed and an accumulated welght versus
time curve is obtained. |

Any désired‘amoﬁnt of dust up to 1.5 grams can be used. The
sensitivity of the balance is far greater than that required for ‘this
particular application.

In setting up the sedimentation procesé;
(i) The sedimentation chamber is filled to a desired level with
distilled water to which has been added 2 grams/litre of Calgon
dispefsing‘agent, which tends to prevenf coagulation;’
(i) About 75 cc of the sedimentation medium is added to appfoximately
. 0.25 cc'bf‘test_dust in a weighing bottle, the bbttlehand dust having-
been weighed to the nearest mg.
» (iii) The mixture is thoroughly dispersed and placed in a vacuum
tank - to remove any air bubbles.
(iv)”yThe dispersed'solution is then quickly poured ihto the sedimentation
columm and is stirred_at:the same time.b The recording ﬁrace is quiﬁe

noisy during the first 5 or 10 seconds.



LEGEND

SEDIMENTATION CHAMBER
WEIGHING UNIT 2
CONTROL UNIT
RECORDER

TEMPERATURE RECORD.
_SEDIMENTING FLUID SUPPLY

PREC— s et

TMOOD P

FIGURE 2.2 PHOTOGRAPH OF SEDIMENTATION APPARATUS

o



SUSPENDED FROM
ELECTRONIC BALANCE

- 22

L

2" NOM. DIA.

SEDIMENTATIOf
COLUMN —_

5” NOM. DIA-
CHAMBER—

L —0.005" SUSPENSION W/IRE

/ FLANGE

!

OLUMN |SUPPORT

g pr———

[ e e
| g g———

I I
| .
' N

~iey

N

L W e . N W WA WY

195"

/57

NOTE :

I. PLEXIGLASS
CONS TRUCTION

——AITUMINUM PAN

!y

L . V. NV T, T
X

F16.2-3 SEDIMENTATION CHAMBER

—1"D. DRAIN




23 .

(v) vThelweiéhing.bottle is oven-dried, cooled tolrdom‘temperatufe éhd
re-weighed. |

The amount of dust pléced-into the sedimentation colum is then
determined by differencing the weighings taken in (ii) and (V) above.:

»Iheltemperatﬁre of the air surrounding theAsedimentatioh chamber
is maintained to within-i_loc by means of a thermostat controlled room
air conditioner.

A drawing.of.the sedimentation chamber is shown.in Figure 2{3.

The solid material which settles on the pan in time t .is made up-
of two fractions; (i) one fraction having particles with a time of fall
less than t and whoée size is fheréfofe greater thén that specified by.
.t; (ii) a fraction qonﬁaining smaller'particles‘with a iongér time of
fall than t but which have fallen in-f since they were be;owvthe full
sedimenting height. Oden (11,12) has shown that this secpna fraction
is equal tdlt (%% where W is the pergenticumula£ive weight deposited
in time t and dW and dt are differential$;'

The first fraction, mentioned above, W, represents the whole Of.,
the fraétion of the material of size greater than, or equdl‘to, that
size which would just fall the full height of the suspensioen in the
time t. |

The basic equation is:

W o= w+ t(%"ti) o | (2.88a)

which is conveniently written as
' ' aw

vo= V- ame  (e-80)
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The curve of accumulated weight deposited versus time,. obtained
by the electronic recording-balance is replotted in the form:
percentage weight deposited, W versus the natural log of the time {nt,

for t in seconds.

ET%EET can then be obtained by gréphical_differentiation df_the

curve at appropriate vaiues of t and the desired fréction, w can be
found by use of Equationv(2.8b).

In the present work a simplified method due to Bostock (12)'was
used. Tt involves the drawing of‘tangents at convenient .values of 5|nt-
The corresponding W isveéual to the intercept made by the tangent en the

ordinate at [nt-1. The proof is as follews:

100

W %

|
I
|
|
!

3
Int (tinsecs)

Figure 2.4 Determination of Size_Fraction, woh


http://then.be

25

With reference to Figure 2.4, the slope at Wh is Zg:Zl_ which
2

aw
equals _ 4 y ad Wy =¥y + 3(yeyy)

df}nt

Substituting into Equation (2.8b), then wy = y+ 3(yp-yp) - Y271

or W, =Yy, .
The values of w thus obtained were plotted against the equivalent
spherical diameter determined by equation (2.4).

The values of t chosen to determine w and d are given by

t; = N2 (t;-1)

i
'beginning with t3 where tq and to were chosen to be % and. % minutes
respectively.

'From the resulting size-distribution curve (w versus d) tﬁe size-
freqﬁency curve which gives the amount of w in given size ranges, was
drawn.

Various statistical measures were then determined.

A 1list of the statistical measures Whiéh were détermined from the
size—distriEution and size-frequency curves for the four dusts used in
the experiment are: arithmetic mean; standard deviation; median; 25%
quartiles; mode; asymmetry; inter-quartile range;.S%-95% range;
skewness parameter; coefficient of variation; geometric mean; geometric
standard deviation; geometric coefficient of variation.

A detailed description of these properties is given .in Appendix B.

The'sédimentation procedure was carried out for the four test

dusts used. Each of the four sedimentation runs was replicated once,

-using sample sizes, sedimentation heights and sedimentation medium

temperatures different fromthose used in the first set of runs.
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2.3 PARTICLE PROPERTIES

Tables 2.2 and‘2.3 list &alues of accumulated weight aeposited on
the pan at_variqus tiﬁes. The data were taken directly?from the
recorder traces. Corresponding valués‘of W are also given from which
Figures 2.5 and 2.6 were drawn.

The curves of Figures'2.5-aﬁd 2.6 have little compafative meéning ‘
since the height of the sedimentation medium, the viscosity ahd the
sample density differ from curve to curvéﬁ

The fraction w, in Equation (2.8b),.was calculated. Tables 2:4 and
2.5 list w and the corresponding values of diameter -as well as the test.
information necessary té calculate the diameters. Curves of w versus
d are shown in Figures 2.7:ahd 2.8 for all test dusts.

The particle-size distribution curves, Figuré5'2.7 ahd‘2.8, can also
be presented in the form of particle-size versus- frequency. plots, -or- S
smoothed out histograms.'

The histograms shown in Figures 2.9 and’2:lO were drawn so that the
areas under each are identical.

A class interval of 1 micron was chosen for Corundﬁm, for calculation

-of the mean and deviation, and a 2 micron class interval was chosen for

ﬁhé other three dusts.

Curves of w versus d for the first set of sedimentation runs were
~then plotted on log-probability faper, Figure 2.11l. Since these curves -
are not linéarz the size distributions are not quite log-normal soAthat
" a simple gfaphiéalnmethod (Appendix B) for determining the geometric
"means and deviations cannot be usea.}' . ‘
The histograms of Figure 2.12 show' the acfual distribution plotted on

semli-log paper to show the deviations from the‘log-normal distributions. .
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TABLE 2.2. Time,
' First Set of Sedimentation Runs - :

Time | |n t | CORUNDUM BARITE CAICIUM »ALUNﬁUM

t in | (t in CARBONATE

min- |  sec) |

secs Weight Weight Weight Weight

deposited W% | deposited W% |deposited W% | deposited W%
mg. mg. mg. mg.

0-15 | 2.71 7.6  1.48 13:9  4.18| 4.6 0.94| 6.5 1.73
1 0-30 | 3.40 15.3 2.9 27.8  8.35| 9:15 " 1.87| 13.5 3.59
o-42 | 3.75 21.7 4.19 ,'38'9 '_ 11.7| .12.8 2.61 20.8 5.53
‘1 4.10 30.5 - 5.89 ‘ 55.5 16.7] - 18.3 -3.7u 29.3 7.8
1-25 | h.hk 43.3 | 8.36 77.8  23.4| 25.6 5.22| 34 9.05
2 .79 61 11.9 105 31:5 36.6  7.47 39 10.4
2-50 | 5.13 86.5 16.9 129.5 38'9. 51.2 10.5 45.3 12.06
L 5.48 122 23.6 150 45.0 72 .7 52.5 . 14
5-40 | 5.82 173 33.4 171.5 51.5| 97 19.8 | 59.3 15.8
8 6.17 2Ll L7.1 193 58.0| 124.5 25.4 69 18.4
11-20 | 6.51 312.5 60. 4 212 . 63.7| 154 31.4 81.3 21.6
16 6.87 380 73.3 229 68.8| 187 38.2 98 26.1
ée-uo 7.20 429 82.8 2Ll 73.3] 220 4h.9 121 32.2
32 7-55 L67 90.2 258 T7-5| 251 51:2 150 39.9
L5-20] 7.89 uél 9k.9 | 271 81.4y 282 57.5 185 Lg.2
S 8.25 . 56& 97.2 280 84;1 309 63.0 220 58.5
90-40| 8.59 509 98.1 289 86.8 | 330 67k 254 67.5
128 8.94 513 99.0 296 89.0| 35 70.5 281 Th.7
181-20| 9:29 - - 303 91.0 354 72.3 305 8l.1
256 9.6k - - 07 92.2| - . 322 85.6
326-40| 9.99 - - TR - - | 335 89.1
e o ,518 100 | ..333 100 490 100 376 100
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TABLE 2.3. Cumulative Sedimented Weight vs. Time, Second
Set of Sedimentation Runs
Time n t CORUNDUM BARITE CALCIUM ATUNDUM
t in |(t in CARBONATE
min- sec) Weight Wh [Weight W% | Weight Wh | Weight W%
. sec deposited deposited deposited deposited
mg mg mg mg
0-15 | 2.71 7.1 1.7 7.9 2.52 5.38 1.01 | . Lk.7 0.91
0-30 | 3.L0 14;2 2.9k | 15.9  5.07 | 10.75 2.02 | 10.9 2.11
0-42 | 3.75 20.5 L.oh | 21.2 6.75 | 14.4 2.7  18.5 3.58’
1 4.10 28.4 5.87n 31.7 10.1 | 21.5 L.oL 28.5 - 5.51
1-25 | L.Lh 41 8.&% Lol 13;5 28.7 5.4 3%.9 6.75
2 4.79 57 11.8 | 63.5 20:2 | 43 8.08 hko.1  T7.75
2-50 | 5.13 ° 82 16.95 8L.7 27 457.u 10;8 45.9 8.87
| 5.48 | 11b 23.6 | 112 35.7 | 86 16.2 | 52.9 110.23
5-40 | 5.82 v164 33.9 | 133 h2.4 | 116.5 21.9 60.2 11.63
8 6.17 | 227 46.9 | 154.5 Lhg.2 |.149 28 70.2 . 13.57
11-20 | 6.51 | 300.5 62.1 | 174+.5 55.5 | 186.5 35 8L 16.25
16 6.87 362 . .8 | 19k 61.8 | 221 S k1.5 | 102.3 .1916
22;40 7!20 411 85 212 '67.5 é5u b7.7 |-130.6 25.2
32 7.55 | 433.5  89.5| 208 2.6 | 285 - 53.5 | 169 32,7
45-20] 7.89 452.5 93.5 | 2k T7-7 | 315 59.2 | 232 hh.g
6l 8.25 L66 “96.ﬁ 259 82.5 | 339 o 63.7 | 277 52.2
90-40| 8.59 L1 97.5 | 271 86.3 | 363 68.2 | 327 63.3
128 8.94 | LT3 97.8 | 280 89.1 | 381 71.6 | 368.6 71.3
181-20| 9.29 - - | 285.5 90.9 | 398 .8 | won 8.1
256 9.64 - - - - b 77-3 | 1433.5 83.8
362-40} 9.99 - - - - - - bshk.s 87.9
oo oo L84 100 |. 31k 100 |.532 100 517 100
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TABIE 2.L4. PARTICLE-SIZE DISTRIBUTION,-First Set of
: -~ Sedimentation- Runs

In t CORUNDUM BARITE CALCIUM ATLUNDUM
CARBONATE
(t in
secs) W a Wb 4 Wb 4 W oa
microns , microns microns microns
3 .
3.5 - | o | 0.8 69.5
L 2.5 54
k.5 ’ 2.8 36.9 4.3 2.2
5 | : 115.4 28.6 6.5 32.8
5.5 e e | 12 35.3 | 8.3 25.5
6 2.0 21.1 37.1° 7.4 | 6.5 28.0 9.8 ‘19.9
6.5 |20.6 16,4 47.8 13.6 |12.6 21.9 | 10.L 15.5
7 8.9 12.8 57.3  10{5 21.9 17.0 | 10.4 12.1
7.5 %2.1 9.9 | 65.8 8.2 |31.5 13.3 | 16.1 9.4
5 88.7 7.8 73.2 6.4 |u3.1 10.3 | 25.0 7.3
8.5 94.9 6.0 - 79.2 5.0 |55.0 8.; 4o.1 5.7
9 98.1 h.7 8h.0 3.9 |6L.5 6.3 | 57.3 L.y
9.5 | 188.0 3.0 1.1 3.5
10 | ' 80.7 2.7
Sample Density, gm/cc  3.85 4.50 : 2.71 3.58
Water Temperature, °C  21.7 22,7 20,0 00.2
Water Height, cm. 28.8 ol.6 29.4 23.5
Viscosity, centipoise 0.965 0.942 1.005 . 0.954
Water Density, gm/cc 0.998| 0.998 0.998 " 0.998
Constant, X L3, , 349 56 399
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TABLE 2.5. PARTICLE SIZE DISTRIBUTION, Second Set
of Sedimentation Runs
In t CORUNDUM  BARITE CALCIUM  ALUNDUM
_ ‘ . CARBONATE
( 29;2) W micions W% m_ic;ions L }nicions W mic cions
3.5 Ok 75
u 1.5 58.3
L.s 3.0 2 45.3
5 3.1 33.3 CL.5 U35.4
5.5 | 1.2 26.9 13.7 25.9 0.7 ;3&,0 6.2 27.5
6 2.8 20.9 é7.3 20.2 6:7 S 26.4 7.1 él.5
5 | 20.2 .16.3 37.2  15.5 - 15.9 120.6 7.6 :‘16.7
7 53.9  12.7 W72 12.3 25.0 16.0 7. 13.3
7.5 | 73-7 9.9 57.1 9.5 35.6 12.5 | 7.7 11.3
8 87.5 7.7 65.6 7. L6.6 9.7 15.7 7.9
8.5 | 94.0 6.0 75.4 5.8 55.5 7.6 33.5 6.2
9 97.3 b7 "'83.3 k.5 63.4 5.9 52.6 4.8
9.5 69.7 . L.6 ‘ 66.6 3.7
10 | 69 2.9
g:ﬁiiiy, gm/cc  3.85 4.50 2.71 : 3.58
Water Temp., °C 21.6 20.4 22.0 22.0
Water Height,cm. 28;3 31.3 27.3 27.3
Water Density, : '
gn/cc 0.998 0.998 0.998 - 0.998
Viscosity, ' : |
~ centipoise 0.967 0.995 .0.958 0.958
Constant, K 420 405 530 3
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Table 2.6 below gives the.arithetic mean E, standard deviation s,

geometric meandg and geometric deviation Sg for all runs as found by:thé
methods explained in Appéhdix B. The weighted'averages for the
corresponding runs of each sét are shown in brackets. The sample weight
in_air‘used for each run is also given.

Table 2.7 on page 40 summarizes all the properties'éalculated.

TABLE 2.6. - DUST SAMPLE MEANS AND DEVIATIONS

CORUNDUM BARITE CAICIUM | ALUNDUM
| CARBONATE | _
Arithmetic Mean, &  12.7 15.1 11:1 8.76
(12.8) (1%.5) (10.8) (8.12)
12.8 13.8. '10.7 |- T7.66
I.20 11.7 8.77 12.7
Standard Deviation, s (k.23) (10.7) (8.66) (12.0) -
k.26 9.49 8.57 11.4
‘Geometric Mean, Eé 11.9 10.6 7.41 5.07
- (11.9) (10.5) (7.11) (4.84)
12.0 10.3 6.76 L.67
, 1.45 2.63 2.75 2.58
Geometric Deviation, (1.46) |[. (2.51) (2.90) (2.52)
Sg -1.48 2.37 - 2.98 2.46
| 700 428 778 521
Sample Weight, mg. 654 403 843 717




TABLE 2.7. PARTICLE PROPERTIES

Lo

PARTICLE PROPERTY DUST SAMPIE
(For description -
see- Appendix) CORUNDUM | BARITE | CAICIUM ATUNDUM
: CARBONATE
Arithmetic Mean, d 12.8 14.5 10.8 8.12
Standard Deviation, s L4.23 10.7 8.66 12.0
Mode, m 13.5 L.s5 1.5 5.0
Asymmetry Parameter,A —0.17 0.9k4 1.07 0.26
Median, M 12.8 12.2 8.9 5.0
Upper Quartile, -15.8 21.0 15.7 7.0
Lower Quartile. 9.6 5.9 3.8 3.1
Inter Quartile 6.2 15.1 11.9 3.9
Range
The 5%-95% Range 14.0 32.2 28.5 136.3
Skewness Parameter,S '1.03 2.10 2.40 8.55
Coef. of Variation,§ . 0.331 0.738 0.802 '1.48
Geom. Mean, Eé 11.9 10.5 7.11 4.8k
Geom. Deviation,.sg 1.46 .2.51 2.90 2.52
Geom. Coef. of g
Specific Gravity, G  3.85 4.50 2.71 3.58
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CHAPTER 3

3.1 EXPERIMENTAL'DESIGN

.vPrevious’ﬁork oﬁ_alﬁet typefdust'collector, similar-fo thékégé.
being tested in this'presentation, has shgwn that fhe»pénetrétion 
depends on the test dust, fhe‘Reynolds number and the collector nozzle

geometry. (16). A dimensionless analysis can be set up to yield the

relationship _
re kP (EgEr @
= K-DP . R * JT (3.1)
where ‘
K = a constant
D = some unknown property which characterizes thé dust,

and which will be:investigated later,

e

fl

the density of the air stream at the nozzle throat .
M =' the viscosity of the air
V = the nozzle (jet) velocity

§ = the width of the nozzle throat
a = the distance from the nozzle throat to the pollector
. mean water surface!'_' |

Another investigator, Semrau (15), has recently_stéted that the

penetration is dependeﬁt upon the energy expended in the collector;
which of course depends largeiy_upon the velocity of the air étfeam.
Since thé present writer has worked with esséntially constant valqes“of

d, e and 4 ; the qorrelation is given in terms of nozzle velocity,:V,
in thousands of feet pef minute, so that the correlating equation becomes

K-k ® . v LT | (3.2)
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3.1.1 THE FACTORIAL PLAN

The relation of Equatioen (3.2) can be invesﬁigated by either the
classical approach or the factbrial approach. |

The classical plan,,often referred to as the ideal experiment, is
one in which all variables -are held constant exéept-the one under sﬁudy..
This planvisltﬁe most commonly used but may not be the best. The
factorial plan (7,9) is more efficient because it yields more informatioﬁ:
for the same amount of effort. ‘It is always more accurafe £han a
classical plan but is restricted. to only two types of general experimeﬁtal
functions. Furthermore thevclass of fﬁnctidn must be known befofehaﬁd.‘

The first class has the general formula

Ro=£(X) + £(¥) + ...
The more usual second class has the form
R=7 (X) - £ (Y)-..
which can be treated as -a special case of the first by taking

logarithms,. so that the products function becomes

log R = log £(X) + log fo(Y) + ...

Since the-funcfion.relation,'Equation (3;2);is'a.prodﬁct‘type, the
factorial approach was used.

The three dependent variables (D, V and J) are arrenged in the form
of a b x 4 latin square involving l6vruns, one run for each of 16

conditions prescribed by the square. . The Latin square is shown in’

Figure 3.1.



u3'

VELOCITY —» 9.02 14.13 6.84 11.81

1000 fpm

Barite - 6.85 | 13.7 | 206 27.1 ,<fJJ'1Va1ués
Corundum 27.4h 6.85 13.7 '.20.6_
~ Alundum :20.6 27.4 6.85 13.7

caetuin | 137 | 206 21k | 6.85

Figure 3.1 Dust Collector Experimental Plan

The four selectéd levels of J afe systemétically_placed within'
the Latin square so that no two of the same J values appear within a
column or a row. Next, the four levels of the variable V are raﬁdomly
assigned to.the column headings;.andAthe féur test dusts are randomly
assigped to the row headings. The 16 runs are ﬁade and the‘Latiﬁ
square is filled in with the values of the dependent variable,
penetration,;as shown symbolically below. Siﬁée»all»three factors
have four levéis, 43 or 64 runs would have to be_madé to obtain the
same precision by the classical method as can be -obtained ffqm'l6 runs
usiné the factorial method (7,9).

In general, the factorial procedureainvolves taking the log
average of the penetraﬁions along each of the h.levelé of D, V and J.
The antilogslof the\averagés are used to determine the function equation.

If the logarithms of the exberimental values of'penetration‘aré
averaged over»a'singie level of D, the effects of those factors fha#
are changing-(V,and J in this case) will remain the same from one D

level to the next. The proof is as follows:
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Consider the Latin square shown below where the AN 's“represent the
values of penetration corresponding to each set of independent variables
- e.gﬂ T(23 is the value of penetration obtained from -a teét run using

dust Do at velocity V3 and .jet .condition Jy.

vy ‘V2,. V3 | vy,
SR 2N B N N
D .
1 7(11 '7V12 7T13 T(lh
Il Iy I J3
D
2 Moy oo 7(23 Ty,
I3 g, J; J,
"3 Tr31 Ty |33 (TUgy
Is I3 g, I,

Re-writing the function relation (Equation 3.2) as

=7 F[p] . r{v]. F[J] (3.3a)
and taking logarithms, we have - :
1og T\ = log F[D] + logF[V] +1logF Bl | :(3.3b)
Writing the four equations covering the horizontal D row
log TU1; = log F[Dy + log F [ji[ + 1og'r'[43]
log I\;, = logF I__Dil + log F[VE + log F [J;]
log J\13 = log F E?i] + log F [Yé]'+ log F [?é] |
log F [Dy] + log F [V)] + log F [J)]
L log F[Dj + log F{]:Vﬂ F[Vﬂ}+
_  3-10§{§' [7]-- F Eﬁﬂ}-

'_.I
O
®
|
I,_l
=
n

e
@
A

-

Il
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‘Repeating'tﬁe same procedure for the D. row then
log 7Tp; = 4 1o F [D]] + log {F RARE: [vg} R
- + log {F' [Jﬂ...pm} . (3.52)

Equation (3.4a) and Equation (3.5a) can be rewritten as

log F [Dl]= ;Eg-g—lﬂ— - log k | | '(3.‘J+b)

Zlog:TTej:

1087 D)= A

- log k o (3'5b),

and so on for the D3 and Dy levels. Thus éll changesiin the log average
of the result are wholly due to the effect of the dust alone. Similar
‘fesulté can be shﬁWn when the logarithmic average is‘taken over ‘the four
V levels,.and over thelfour J-levelé.

The logarithms of the penetrations_then;are summed along each row,
along each column, and diagonally as well to'cover the L4 -J levels.

Each of the 12 sums obtained is then averasged and the antilog is

taken. The 12 vaiues of(tpeblog'average penetrations can be representéd

by the fOllowing'equations where each [ ié the antilog of a log average.

Rows ‘ Columns Diagonals
“Dl Sk T [Dﬂ ; "vl',_=' Kt F [vl] ;A T£Jl =K'F [Jl]
myexF (] 5 Tpewr[g] s Rewrfg
"D3 =kF [D3] ; TtV3‘,= k' F '[v3] ; nJ3 = k" F [J3]-

krm] 5 Tweex F[w] 5 - xF (5]

_ For-eaqh D level, i.e. for -each test dust, there is a log average

W,
=
il

value of penetration, T(D . Similarly, for each V level there is a T(V
and for each J level there is-a T\ .

versus D, TV_ versus V, and TKJ

. Next, curves are drawn for |\ v

D

versus J. Such cﬁrves yield the following equations.



Rp = k F [0 | (3.6)
Xy = k' F [V (3.7)
g = X" F [J] | - (3.8)

Solving these three'equations for F [ﬁl F [ﬁ]“and F [i];and’w

substituting into Equation (3.3a) we obtain-

L6

R= X Mp- Ky - Ry (3.9)
‘where‘K = EE%E" .and is evaluated from the data.

Equation (3;9) is the relationship which will,determine>7( for all

of the 64 combinations of D, V and. J even though only. 16 runs were

made.

The function relation Equatien (3.2) would yield the same values

of 7\ as Equation (3.9) provided the .3 correlation equations ,

Equations (3.6), (3.7) and (3.8) are perfect. This is highly unlikely,

but in any -event, Equation (3.2) may fit similar data with other test

dusts which could not be done using Equation (3.9).
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3.1.2 ANALYSIS OF VARIANCE

Before processing the ‘data in the latin square to yield regression
equations, it is possible to apply the analysis of variance test.

Such an analysis is valuable in determining the extent te which
the vgrious factors influence the penetration and also to determine the
relatiye magnitude of the error. An Aestimate 6f,the Variance.between
rows,.columns, diagonals,.and residual or -error can be made by
comparing the variance due to residual or error with the three factor
variances so that the significance of each of the three factors on
penetration is determined. Should a:perfect functional relationship
exist, the residual variance will Be zZero.

The analysié of variance test is performed on the data in Section
4.1.1. The theory involved in such an.analysis (5,6) is so ‘involved

and -lengthy that it is omitted from this présentation.
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- CHAPTER L4

- 4.1 ANALYSIS OF DATA
Table 4.1 shows the‘vaiues of penetration‘obtained for twe
experiments as well as the mean of the two which is given in brackets.
The average amount of sample test dust used is given under each test dust.
- The value of J.uéed for each run is shown‘in the uppef right corner

of the blocks.

TABLE: 4.1 DUST COLLECTOR PENETRATION RESULTS

Penetration, %

Velocity

(1000£pm) 9.02 14.13 | 6.8&4 ;1.81
Barite - 6.85 13.7 20.6 27.4
> em. ©1.05 0.575 1.75 ° o 1.16
(1.05) (0.685) (1.87) . (1.19)
1.05 0.795 { . 1.98 1.21
: : 27 4 6.85] 13.7. 20.6
Corundum 0.130 0.114 0.171 '0.089
10 gm. (0.157)" (0.138) (0.186) (0.121)
0.183 0.161 0.201 0.153
‘ 20.6 27.4 6.85 13.7
Alundum = 8.70 5.20 . 7.96 5.09
1 gn. - (8.68) (5.27) (7.93) (5.12)
8.65 5.34 | 7.90 5.15
113.7 20.6 27. 4 6.85
Calcium T 2.66 6.57 2.54
Carbonate o (4.21) (2.77) |- (6.79) (2.72)
1.5 gm. L.2L - 2.88 7.00 2.89
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4.1.1 ANALYSIS OF VARIANCE TABLE
The stepé involved in determining an analysis of variance table are
listed below; and‘are followed immediately‘by,ah examplé calcﬁlafion using
the data of Table h.l.. |
Suppose we make a null hypothesis thataall four test -dusts give
" approximately the same penetration, and moreover -that if.does not matter
what velocity or water-level is used in determining JU . Under -such-an
hypothesis the four independent estimates of variance namely D, V; J and
residual or error»afe all estimates of the variance of a common parent
populétidn;where variaﬁility exiéts for reasons other than D, V,and J.
When a sum of squares is divided by the corresponding number of
’degrees of freedom on which the sum of squares is based, we are
estimating a variance. Snedecor's Variance Ratio Test (5,6) may be used
to test the mutual compatibility of variance gstimates. |
1. Sum-.all thevvglues of log']( in each row to get the row totals.
Square each row total, divide it-by‘the number of items in the row
(in this case four), ana‘add the results. (The same result.is
obtained in the following example by summing the squares of the row
totals and then dividing by four).
2. Repeat this process for the columns and diagonals.
3.  Find the sum of the squares of -all the sixteen values in the Latin
square - i.e. Ei(log]K )2
vh. Find the square of the sum of the‘abﬁve vélues - i.e. (fi:hxg7()2
5. Obtain the "Correction Factor" by,dividing the result in item (h) by

- the total number of values - i.e. 16 in this case.
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6. Subtract .the Correction Factor from the résults of items (l),-(E)
and (3). This process yields the values 6.401, 07198, 0.026‘and_
6.661 which are listed in Table L.2 uﬁder the headingt"Sum of-Squarés".

7. ‘Find the~"Sum of the Squares" of the Residual by,differencé to

obtain the value .0.036. :

8. Find the ngmﬁer of degrees of freedom in each row of-Table h;2'by.
subtracting unity from the number of rows. Repeat for the columns
and the diagonalg. vThe total degrees of freedom is found by

-subtracting‘gnity froﬁ the total number of values in the Latin
square. Find.the residual degrees of freedom by difference.
9."Find thé variance estimate by dividing the‘Sum of Squares by the

degreesbof freedom.
The'notatign is as follows:

1. ‘Rows refef‘to the four'dusts{ i.e. four levels of D.

2. Columns refer te the four levels of V.

3. Diagonals refer to the four levels of J.

4. Residuals refer to unaccountedAfor variables..and error.

Because the analysis of variance test is-applicable -only to
functions of the summation type, the logs of penetration must be .used

in the analysis.
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, : . Row Totals
Log Penetration ) Row Totals - 'Squared
0.0212 | -0.1643 | 0.2718{ 0.0755 -0.2042 0.042
~0.8041 | -0.8601 | -0.7305 |-0.9172| [-3.3129| = |10.98
0.9385 1 0.7218 | 0.8993| 0.7093 | _3.2689 10.69
0.6243 | O.4h25 | 0.8319 | 0.4346 2.3333 5.45
Column | 0.7799 | 0.1399 | 1.2725{ 0.3022 2.4945 ' 27.16
Totals _ ’
Column . _ .
Totels 0.608 | .0.020 1.630 | 0.091 » 2.1349
Squared
Diagonal : ’
PLagona. | 0.4950 | 0.4388 | 0.7356 | 0.8251
Diagonal .
88088 1o.ok5 | 0.193 | 0.5k1- [0.681 1.660
Squared '
Total Sum of Squares of Ttems = E: (1ogAT\)2 = T7.050 |
o _ (sum of log/\)® _ (2.4945)2 _ '
Correction Facto? = Nber of Stea % = 0.389

The sum of squares for -each source of varlance was determined and an

Table
analysis of variance table made as shown in -Figuxre U.2.

TABIE 4.2 . ANALYSIS OF VARIANCE TABLE

Source of “Sum of Degrees of Variance F
Variance Squares Freedom Estimate Ratio
Between Rows 6.401 3 2.13 355
(Dust)
Between Columns 0.198 3 0.066 11
(Velocity)
Between Diagonals| 0.026 3 0.0087 1.4
(Water Level) o R _ :
Residual 0.036 , 6 0.006
Total 6.661 15




Comparing the variance estimates of the three factérs'with thé'
residua} variance we can cOnclude that

(a) An hypothesis that,thevrow means are equal caﬁ4geftainly‘be rejected.

(b) Variation -due to éolump means, although not as great.as that;dﬁe
to row means, is significant.

(c) Variation due.to diagonals (water level) is not too far different
from that due to error (reéidual) and the null.hypothesis that :the
diagonal means are -equal could not be réjected.» These conclusions
can be confirﬁed by ‘applying the F-test at the 95 percent
significant level.

The .analysis of variance does not give the regression equation.
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The factorial plan was ‘appiied to the data of Table 4.1 as shown

below. | | DUST VARYING
VELOCITY — 9.02 14.13 -  6.84  11.81  SUM -AVG. ANTILOG.
1000 - f ‘ - : =
( e 6.85( . 13.7 20.6 27.4 .
Barite 1.05 0.685 1.87 1.19 | 0.204210.0511 | 1.13
0.0212 [-0.1643| 0.2718 | 0.0755 .
' 4 4 4
27.4 6.85 13.7 '20.6 _
Corundum . | 0.157 | Q.138 | [0.186. 7121 |+}3.3119{-0.8280| 0.149
1-0.80Lk1 = [-0.8601| $0.7305 |-40.9172 T
20.6 27.?'r 6.85 13.7
Alundum .8.68 5.27 7.93 5.12 || 3.2689] 0.8172| 6.56
0.9385 0.7218} 0.8993 | 0.7093
13.7, 20.6 27.4 1 6.85 :
Calcium 4.21 2.77 6.79 2.72 |+ 2.3333] 0.5833| 3.83
Carbonate | 0.6243 0.4425| 0.8319 | 0.43L6
+ * ‘ & \\ pAYS
SUM | 0.7799 0.1399] 1.2725 | 0.3022 0.4950 o.1238 1.33
AVG. |.0.1950 0.0350| 0.3181 | 0.0756 0.4388| 0.1097] 1.29
<ANT%}OG. 1.57 1.08 2.08 | 1.19 0.7356|.0.1839| 1.53
v .
VELOCITY VARYING |0.8251| 0.2063| 1.61
WATER LEVEL VARYING
TABIE 4.3 FACTORIAL PLAN RESULTS
DUST, D| TX, VELOCITY, V| 7Xy = |NOZZLE GEOMETRY, J| 7X
(1000£pm) B '
Barite 1.13 6.84 2.08 6.85 1.33
Corundum | 0.149 9.02 1.57 .13.7 1.29
-Alundum 6.56 11.81 1.19 20.6 1.53
Calcium v
Carbonite 3.83 C 14013 1.08 27. 4 ,1‘61
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Table 4.3 gives a summary of the results of the factorial plan.

The constant K in Equation (3.9) 7 o K<7(D T 7gJ>
can be computed from the experimental Vaiues of JU in the Latin_séuare
-and ffom the corresponding values of 7(p, 7\y and TtJ.‘

As -an example, the value of K for the observation using barite at a

velocity of 6840 fpm and J .= 20.6 is

k- <
- Rp . Ry . Ry

- ' 1.87 0.5
1.13 (2.08)(1-53)

This K value can be checked by repeating the'calculation_on.any
other data point in the Latin square.
The following square shows the K value computed for each of the 16

runs. The differences in K's indicate how badly the ‘data deviate.

O.B5 | 0.435 | 0.520 | 0.550

o,u;7 o.éus 0.465 | 0.L446

10.550 | 0.462 | 0.436 0.508 |

0.543 o.u38 0.529 | 0.4h9

The mean K is 0.49 with a standard deviation of 0.06, or about,lz%.
-Equation (3.9) cain now be written as
7V = 0.49 7§D. AN A (4.1)

Equation (4.1) as it -stands, can be used to -determine - the
penetrations for-all 64 combinations of J\p , 7{y and J{g even theugh

only 16 runs were made.
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Example:

The benetration for Alundum at a velocity of 14,130 fpm and J equal

"to 6.85 is

R OAQ(KD)(TMz)(ﬁJ)

0.49 (6.56) (1.08) (1.33)

4.62 with an uncertainty of about + 12%.

The data given in Table 4.3 can be used only in cenjunction with
Equation 4.1 since:the component pene{;rations‘, 7'('D's, Ry's, Tg's
‘represent-log averages rather than discretelvalues. By,plotting' 7(J,Versust;‘
' 7vaersus V and T\ p versus some_suitablé parameter describing the.test'
dust, best fit equations can be determined.

The geometric coefficient of variation, 4¢g = %§~,,was chosen ﬁo
describe the test dust, for reasons which are stated in the discussién
of results, Section 4.3.

Ieast squares methods were used %o derive the correlation equations-

They are shown plotted in Figures 4.1 and 4.2. The equations found are

given below

2.61 .
RNy = 39.4 ;bg (4.2)
Ry = 125v099 (4.3)
Ny = _o.9§u g0~ 146 ’ (kL)

Substituting for TXp , 7Ry and 7(; into Equation (k.1)

K= 09 TU, . TTy. T (4.1)

we obtain = 233 ¢g2-6l V-O-939 JO.lLI-6

(k.5)

which is the required function relation whose general form was given by

Equation (3.1).
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A somewhat less accurate relation was obtained by replaciﬁg‘the term
39.4 ¢é2'61 in Equation (4.5) by the term 3-2..5.?52'60.' ‘See Figure L.1.
A more accurate correlation_equation,.although more cumbersome -to
: use, . was obtained by fitting second-order equations to the curves X\ D
.versus ¢g and 7y versus V.

‘These plofs are given in Figures 4.3 and L4.k4.

The correlation equation in this case becomes

= 0k (TrD Ty ) o
= 0.49 {-25(¢g2-o.0111) 0.0125 (V2-31-5V+33O)O.9§u J‘O.1u6}
and = 0.148 (¢g2_0.0111)(v2_31.SV.+33O)J0311+6 ()+6)

for V in thousands of feet per minute.
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A summary of the results of the factorial experiment and the
derived equation is given below.
‘ TABLE 4.4 SUMMARY OF RESULTS

~Barite |0.239 | 1.13 | 6.84 | 2.08 | 6.85 | 1.33
Corundum | 0.123 | 0.149| 9.02 | 1.57 | 13.7 1.29

Alundum | 0.521 | 6.56 | 11.81 1.19 20.6 1.53

- Carbonate

Calcium | .3408 | 3.83 | 14.13| 1.08 | 27.4 | 1.61

/N = 0.49 STy - O, T _ : (L.1)
Tty = 39.h §,26 - (b.2)
Ty = 12.5 V'0'939. . (4.3)

7Ty = 0.964 30146, (4.4)

7= 233 ¢g2.61 V'O'939 Jo.1u6 ‘ (4.5)

Note: Values of 7(1), 7(V s 7YJ sﬁown in theftaﬁle and Equations.
(4.2), (4.3) and (4.4) are to be used only in Equation (4.1) and are-
not to be used alone.-

“BEgquation (h.S) was pldtted as /U versus V ﬁith Jd = 13.7 for each
of the four test dusts. These curves are shown'in Figure L4.5. Equaﬁion
(k.5) was also plotted as 7\ versus ¢g with'J = 13.7 for Qelocities of»
7,000 fpm and 14,000 fpm. These curves are shown in Figure L4.6. |

Equation (L4.1) was then plotted on the same graphs for-comparison."
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For J = 13.7, Equations (4.5) and (4.1) take the forms
TC = 31 g 20 ve0-939 (4.7)
JN=0.63 Np. Ry (1.8)
Iﬁstead of assuming /{p to be a function of ¢g only,-Equaﬁion‘(h.Q),
perhaps a better relationship is given by Equation (h.9a) below. |
nN,=K ¢gl. . & (4.9a)

where K is a constant

and , ¢g = geometric coefficientvof variation
S = skewness parameter
- upper 45 % range (gee pppendix B)
lower U5 % range ' :

G = specific gravity of test dust with respect to water.
The constant K and the exponents,l, m, n are determined by setting
"Equation (4.9a) equal to the.corresponding values of 7{p for the four

dusts, i.e.

for Barite K (0.239)z .(2.1o)ml(u.5o)n.=’1.13
for Corundum K (0;123)£ (1.03)™ (3.85)" = 0.149 |
for Alundum K (0.521)1 .(8.55)m‘(3.58)n;= 6.56
for Calcium = ¢ (o.hoS)[ J(2.50)m (2.71)" = 3.83

Carbonate
The values df ¢g , S5, G are given in Table 2.7 for the four dust;.
The four equations are‘éolvedvfor the four unknbwn; K,.Z » My 1
and Equation (L4.9a) becomes : v
Ky = ho.1 [%g3'26 57041 - GO'928j] . (4.9p)
Equations (4.3), (4.4) and (4.9b) are éubstituted into Equation (4.1)

so that = 237 (Q§'26 S-o.hl G9.928 ).V°O'939 Jg.lu6 (u.io)



6k
Equatioﬁ (h.éb)'will yield exact values of 7‘D.; of course,'fqr
' the four dusts tested. The variables ¢g , S and G weré chosen since
it was felt that these three variables contribute more to characterization

of the dust than any of the other dust variables.
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4.2 THE COMPOUND ERROR

The compound. error (7,9)vinvpenetration due to errors in the components

of the function relation,-

T = 233 ¢g2.61 y-0.939 = ;0.1Lk6 (L.5)

can be estimated by the relation,

2 . o4 2}
o [ owT [@Am]ﬂ“ [QAO_J }
’:szs; >V 57
.where 0 = the compound error in penetration ‘

and(jb Oy Oy are the errors in estimating $, V and J respectively.
J ) . N

Performing the indicated operations to Equation (4.5), then

"dividing the result by Equation (M.S), the fractional error obtained is

. A
G _ (6.82~2 + 0.885~° + 0.0212 2 ) 2
= g;fz'gﬁﬁ —220v" =%=0y (h-11)

g

Op .
The fractional estimating errors %—Q B .£§K and S%E- are
. g
calculated as follows:
(1) S%i : Assuming the water level in the collector can be measured

‘ 2. _
to the nearest 0.1 inch, then(gj%-is a maximum of 0.0256 for J=6.85-and

a minimum of 0.001 for J=27.k.

2) :ﬁzz : The fractional error in velocity as determined by. the
V LT
N he ' 2 2
equation V = 1054 —X-'—b!-' fpm. is obtained fromgy_ = On where O'2h is
Xﬁ Ve 'hhg

the estimating'variance in the orifice drop, hy,. Assuming the orifice
manometer drop to be in error by 0.2 inch, and the errors in Bﬁ and X%
to be negligible, thenﬁg¥; is O.OOSlIfor h =,2'8 which corresponds to a
velocity of 6840 fpm. For h =v8.l, which corresponds to a velocity of

Ove |
14,130 fpm, e is 0.00061.
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(3) %ZQ : The fractional error ézk-can'be obtained from an estimate,
g g ’ ' A
of the error in the equivalent spherical diameter which was determined

by sedimentation, and is given By,
4a = 175 e ' (2.4)

If the estimating errors in’Lland h are known,.then'following the same .

procedure as before, the fractional error in Equation (2.4) is

Assumlng h =20 + 0.2 cm. and/i 0.958 + 0.023 centipoise for + 1%. s
then the terms %E% and —_tiz in Equation (4.12) become 0.000025. and
0. OOOlhh respectlvely, 80 that g:= 1.3 %. The fraction estimating error

in ¢g is given by

S

= [gi + d ] since f, = —2

s : & a

g . . g } :

. 5. | :

-Putting —= Os ana 98 votn equal to O. 013, then %: (0.013)2;+ (o.013)2
°g _dg g = 0.000338

The estimating errors C7¢ CSV -and C;J can how be substituted into
the error Equation, (4:11) to determine maximum and minimum compound errors

for Equation (&.5).

& ' , L
(7\—) = [(6.82)0.000338 + (0.885)0.0051 +A(o~.0212)060256] 2

n\ax' . ;_
= [(0.0023 + 0.0045 .+ o.ooos)] 2

= 8.5 % at maximum values of V and J.
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N[~

(Q‘_) = [0.0023 + (0.885)0.00061 + (o.0212)o.001].
N imin. :

[(»0;00230 + 0.00054 + o.ooooz)] :

5.3 % st maximum values of V and J.

In summary there will be a maximum error of 8.5 % in the regression

equation, [\ = 233 ¢é2‘61 V_O'939 . JO.lMG under the Tollowing conditions:
(1) the sedimentation room temperature is controlled to + 1%¢.,

(i1) the height of the sediméntation medium is in error by 0.2 cm..qf‘l %,
(iii) the orifice manometer drop is accurate to within 0.2" w.c.,
(iV) the collectof water level.is accurate to within 0.1 inches.

The error equation can serve as a guide for estimating the component
errors should further-experimentatign.be dene with this eqﬁipment; The
méximum error of 8.5 % is'belbw the unceftainty figure of iJlQ»% givén
in section 4.1.2. This would imp;y that the four conditions listed
above ére optimistic or other sources of error are present, such as
human erfor; error due to randbm<sémpiing-of the test dusts aﬁd also

the neglect of minor variables.
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4.3 DISCUSSION OF RESULTS

4.3.1 Goodness of Fit

The function relation, Equation (L.5) shoWé that ¢g plays the mést'
important role of the three indepepdentvvariables in determining the
magnitude of the penetration. - This fact, of course;,also showed up -in
:the analysis of variance test which indicated there‘being novdoubt'the
row variance was due tq the dust ﬁSed and not experimental error.

Figures 4.5 and 4.6 indicate how well Equation (4.5) fits the
results ofvthe factorial experiment which were given in terms of
average penetration namely, T(D., Ky and T(j. Figures 4.5 and 4.6
wefe drawn for a J value of 13;7. Similar curves could be drawn fof
the other three levels of J used in the experiment. A point which must
be made concerning curves obtained from Equation (4.5) is that they must
necessarily,éll have fhe éame slope. This is due -to the type of
correlation assumed and would only,be otherwise if one or more of the

influéncingAvariables were uged as -a power to which v, pg or.JrcoulQ be
raised. |

Researchers in the field (l5,l6)lhave'obtained unique equations of -

7\ versus V fof eachvtype.éf dust'tested,and thefcurveS'do show
vdifferent‘siopes; No one has ye£ determined a correlation of.the form

/X = aVb where 'a and b contain theivariableS'pérticle size, distribution,
_énd perhaps particle density. Semiag (15) does mention the fact.thatfa'
and'b'are functibns of the particle size and the size distribution.

However his dusts were not sized.


http://only.be
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M.S.Q COEFFICIENT OF VARIATION .

" The fact that penetration increaseslwith‘increasing'values of ¢g
“has been éonfirmed using data previously'téken binighton (16). He
- determined size distributions for -a number of teét dusts by microscopy
and presented.the aata in the'form-of log probability plots."Values of
¢g and S obtained from these blots are tabulated below. Opposite thése
" are values of penetration obtained by Wighton:using a wet collector with
a different ﬁozzlé geometry b@t othervise similaf to the collector used

in the present work.

SAMPIE. | . G b | s 7T
. 2pprox approx
Silica 2.65| 0.1 1.4 0.4
Limestone| 2.81 0.1 O.8v 0.5
‘Silica L 0.15 1.5 0.8
‘ Limestone| 0.2 1.2 2.1
'A.C. Fine| 2.68 0.2 | 0.8 2.5
‘Silica 0.25 1.k 1.8
" Alundum | 3.58] 0.3 2.1 5.3
Limestone ' 0.3 1.5 | 6.0
A.C. Fine 0.35 2.1 '”4'~u.6

This correlation of J{ with pg occurs despite a different sizing
techniqué, a different nozzle geometry, and a different method for

‘computing ¢é. In this table, ¢g was approximated by assuming & log-

s i B4.13% size . .. ...
normal distribution, computing Sg -.—36%—ézzg—— and dividing by the
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value of Eé obtained from the-SO% size. Since none oftthe curves from
which ¢g‘was calculated were log-normal, the value of ¢g'is in error.
‘In fact, values of ¢g determinéd graﬁhically férvthe dus£ sémples used
in this presentation are all below the calculated values given in Tabie
2.7, some b&-as much as 65 percent.

Figure 4.7 shows éome theoreticai log-normal distribution functiéns

‘which plot as straight lines on log-probability paper.

For log-normal plots ¢g is given as

_ 8L.13% size '
¢g 136%_%52572 (Appendix B)

and can be fbund by inspection of the curves of Figure 4.7. The curves
areilabelled with their.unique values of pg . Note that- although.a
curve can have only one value of ¢g , a given value of ¢g'ﬁaylapply'to
more than one curve.

Recalling the finding that penetration increases with ¢g , it is -

possible to explain why this should be 0.

< .

The coefficient of variation ¢g = =& yill increase provided that
dg :

1) Eé decreases for a constant s, -

2) Sg increases for .a constant Eé .

3) 5g and aé change iﬁ favorable directions.

‘The three parallel curves of Figure h.?,illustrate three differenf
distributions having different geometric means but identical geometric
deviations. The coefficient'of variation is shown to increase in this

case as dg decreases. Other cohditions remaining equal, we would expect'*
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the distribution with the smallest geometric mean,,aé to yieid-the
highest penetration, as explained in the dust collectqr theory.

The three middle curves of Figure 4.7 illustrate three different
distributions having identical geometric means but differént geometric
deviations. As the distribution curve is rotated countereqlockwiSé
about point A, it is évident that as ¢g increases, the percentage of fines
less than a given size (say 6 microns) tends to increase. Since the
. collector 6perates by inertiai and centrifugal action,both of which
are less effective on the smalier particles,.an increaseﬁin-¢g'wpuld
again be expe;ted to result in an increase in 7( . In the case of the
‘two curves of Figure h.?lhaVing ¢g = 0.30 we could expect the twd
distributions te have similar penetrations (according to Equation 4.5)
since'the,curve'with thevlargesttaé also has the greatest pércentage Sf'
fines belbw a certain size (3 micréns-in’fhis case).

~ Thus the collector penetration . .depends on.bothAaé and Sg and cannot
xbe-correlated on the basis of particlejsize'oniy. For a log-normal
distribution,l¢égappears to be the propef correlaﬁing property.

. Sinée the data show no.trend in penetration with particle specific
‘gravity, the specific gravity of the test dust was not considered in the
correlation equation, Equation (M.S). Data taken by Semrau (15) in his
correlationbof penetration with expended energy across the collector show
that particle density d@es not appear to influence the pénetration.
| Perhaps this is due to the fact‘thét fhe dust velocity is different ffom
the nozzle velocity used in the correlation. ' Perhaps den;er dusts, which
’éhould céllect Better because of their gfeater inertia,vhaﬁe less conveying
‘veiocity than the less dense -dusts and hénce the effect of particle weight

could cancel out.
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4.3.3 PARTICLE SHAPE

Particle shape has not been considered in this thesis. All
particle-size distributions have been determined by the same'method;
sedimentation. Thus, shape factors serving aS'proportionality factors
between particle size determination results by different methods are
not required. Shape factors are also used as conversion factors fop
éxpressing results in térms_of'an-'equivalent sphere'. -Since a sphere
has the smallest surface area for a.given Qolﬁme, from which the
'equivalént diameter'! is calculated,.it falls at the highest speed.
Thus an actual particle is always smaller»than-the-'equiva}ent sphere!
- how much smalier will depenq,on the particle shape.

Experimeﬁts have shown (8) that non-spherical particles with»3
-mutuaily perpendicular planes of symmetry will fall at very much the

" same velocity as spheres of the sameAdensity‘and volume. For the
extreme case of thin laminae, the particles tend to fall edgé-wise,
“unless disturbed by the slightest convective effects, so that they fall
with their least resistance to’mqtion, It has been found (8) that the
corrections ngceésary to Stokes Léw are usually small but shoﬁld be
'borne in mind in the case of particles having great extepsions in one or
two directions.

Should a correction factor study be eventually made with the dusts
used in this presentation, the correct ?alue of ¢g can be found by
applying.the correction factor tol¢g directly, since sg remains the

‘same regafdless of any change in d; brought about by multiplication.
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APPENDIX A

Solution to the Navier-Stokes Equations for the Flow of a

Viscous Fluid Around a Sphere. (17)

The equations of metion for an incompressible fluid having a
Reynolds number much:less than uhity (i.e., neglecting inertia terms )

and with zero acceleration are

%;._ //(V7Zac
%5-'/4&77
3= pu Vi (1)
and the continuity equation is
| vV-V=o0o | _ | (2)

Consider uniform flow with velocity U past a sphere of radius ‘'a!
having the coordinate system as shown belew where g, and q are the

radial and tangential compo%?nts of velocity at any point (r, & ).

. E ,
- The boundary conditions are:

(1)- u = v=w=0 at bouﬁdar‘y for r = a, where u, v, and v are the
X, ¥, and z components of velocity'.‘
(2) v=w= 0 and u = U when r'= oo
The solutions to equations (1) and (2) under the boundary conditions

shown are (17). .
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w = U[% g’:-: (%:-:)+ | —4‘;‘(3+%iﬂ
vk e (5
v oUd R

(3)

The total drag is made up of pressure drag plus shear drag.

. Dp =:DP t By

Now n :
Dp = /—f_cose.d/\.
A .
over the surface where dA = 271d smeo.-de
v T '
so that Dp = 27102/-79 Sin 6 cose - Jé

[

Substituting the expression for p from Equation (3) for r = a, and

integrating,

Dp = 2@ u U
which is the drag due to pfessuré.
To determine the drag duelto shear, the shear stress
must be found since j n
5= [-T,, sne.gA (1)
(]

where

_ %, o7
Treo -/“[‘5‘5 * 3F

Choosing cylindrical coordinates, R, X as shown below
. R ‘ : .
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where ‘ gR = U+ W

b

then HA gRCOS-G - U Sin ¢

and a, and ¢ are found to be

rA '
= U4 (%-1)sine cose
. 2
2, = -Usine [/- £ (3+ Z)]
.._24/4 = -2 Usne -
ar rsa 2 4 .
and °Frl - 6 since
39 N=a ’
. 3, 4’ [cose
,%, = U [/ zr T erJ
Therefore
. _ 3 U _.
Tre = 5 " e

Substituting the expression for Tajéinto Equation (4) and integrating,
}
Dg = 4RXapu U
The total drag is then
D=D, + Dg = GRG/JU
Thus ‘it is shown that two-thirds of the drag is due td shear stress .
and the remaining one-third is due to pressure stress.
The equation can be written as
D = 37TpuVd
for a sphere of diasmeter 4 falling with a velocity V. in a motionless

fluid of viscosity/%.”-
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"APPENDIX B

Statistical Measures

;The size parameters may bebased on ah‘assumed distribution,.such.
as the normal distribution which ordinarily applies to symmetrical
or nearaéymmetrical diétributidns aboﬁt~a'ver£ical axis. The
distributions of most naturally occurring fines, as well as
| manufactured and chémicélly processed fineé, are.asyﬁmetricél or
skewed. Sometimes the skewness may be sgch that thé size-frequency
curves become normal if the logarithm of the size is substituted for
the size. In the follOwing_pages, both arithmetic and geometric
parameters are calculated for %he dust samples. |
| A histogram isldrawn from.the'ﬁ% versus d distribution curve
such that the area under -the histogram is equal to lOQ%. The area
under the histogram from say dl to do is equal to the diffgrence iﬁ
the corresponding ordinates wl'and wo for the w% versus d curve.

About 15 class intervals -are chosen to make up the histogram.

B-1 Calculation of Statistical Parameters

(1) Arithmetic Mean, d

The arithmetic mean is given by the relation

where A . .th
; = class mark on mid point of i interval
Wy o= fréquency in ith interveal, the sum of such’

freqﬁencies being 100 percent.
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(2) Standard Deviation, s

The standard deviation is given by the relation

2 N
RV =
T\ 100 Z‘(di: - a) vy

The variance is equal to the term inside the square root sign.

(3) Mode, m
The mode is defined as the class mark having the greateét
frequency. It is the most commonly occurring value.

(4)  Asymmetry Parameter, A

A measure'of the departure from the normal~-probability curve

is given as -
& d -m

S

A =

. i '
which is zero for normal distributions and gg%é%ggg for distributions

which are skewed to the ieft._

(5) Median!‘M‘

The median is the diameter for which 50 percent éf the particles
are less than or greatgr than the stated size. It is a measure of

central tendency.

(6) Upper and lower Quartiles
The upper.quarfile-is the diaﬁetef»aﬁove Which 25 percent of the
population falls. The value of the diameter‘below,which 25 percegt’of
of the population falls is called the lower quartile.
| The upper and lower quartiles, as well as»ﬁhe median, combine to
give a better thsical picture»of,a distribution than do‘the mean and

standard deviation.
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(7) Interquartile Range

The difference between the uppervand lower quartiles is cailed the
interquartile range. It makes a good measure of dispersion énd tells us
the range of variability which is sufficient to contain 50 percent of’
the population.

(8) The 5% - 95% Range

The differepce between the 95 percent less than .size and the S
percent 1ess‘than size could be called a 5 percent,tb 95 percent Range
in that it gives the range of sizes which contain the middle 90 pefcent '
of the population. o

(9) Skewness Parameter, S

The ratio of the upper 45 percent range to the lewer 45 percent
rahge is a good measure of skewness or asymmetry of histograms. The
ratio is unity for normal distributions and increases in value -as the

os+ive
Fosi

skewness becomes more negative, i.e. as the histogram leans more towards

the left as shown below. ' ' L

skewed

\

Jower 45%. . upper 45%
'<——'— g 17
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(10) Coefficient of Variation, §
The ratio of the standard deviation to the arithmetic mean is

called the coefficient of variation, given by

P o=

o7 | lm

The coefficient of Variation is used to determine the relative
variability of a distribution (6).

AsTan exa@plé, a distribution having meanla'= 8, standard deviatioen
s = 2, andvp = h‘is more variable than one having d = 9; s = 3, and

¢ = 3 which has a greater mean and a greater deviation.

The Frequency Curve

" The equation of the normal-probability or frequency curve-as applied

to particle size is

2
100 .3
Fa) =" S e - Eig
2s

The constants d.and s completely define the frequency function in this
case.
] positively
Since nearly all particle size distributions are negatiwvely skewed,
we can make such a distribution more normal by plotting size»logarithmically.
In other Vords, most particle size distributions are covered by -a nofmal
probability equation with a logarithmic¢ variate. Thus the equation of
the log-normal frequency curve is _ o
_ .1 3z
(d) = 190  exp. (g——&d‘:'z dg)
4§'Sgﬂ ,2l4g Eag

where_aé is the geometric mean and Sg is the geometric déviation.
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(11) Geometric Mean, dg

The geometric mean is gi&en by
bk gk
The geometric:mean:represents the value with the gfeatest‘number of
particles for a lqg-normal distribution and therefore is better suited
than the arithmetic mean. For non--log-normal distributions skewed té
the left, aé‘is closer to the median than E ié since Eé is always less
than d.

(12) Geometric Déviation, sé

‘The geometric deviation is given by

b= A\ Skdgaye

The geometric mean and geometric deviation are to log-normal

distributions as the arithmetic'mean,and'standard deviation are to
normal or Gaussian distributions. -

(13) Geometric Coefficient .of Variation, ¢g

Similafly:as in the normal case, the geometric coefficient .of

variation is defined to be

“As in the normal case, ¢g is a relative measure of variation.
- Tt tends to be much less than unity for very narrow distributions and

increases with increasing spread.
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. _ \
B-2 Graphical Determination of Mean and Deviation (4)

An important property of size distributions (w versus d) having .
normal frequency.functions is that the mean is equal to the mediénv

(50 percent size) and the standard deviation is given by

n
fl

84.13% size - 50 percent.size

50 percent size - 15:.87size
This is because the probabilityjintegral;defines that 68.26 percent of,v
the total distribution lies between (d +'s, @ - s).

When such diétributions are plotted on.an.arithmetic-probabiliﬁy
grid, a straight line results and the mean and deviatioﬁ can thus be
determined quite readily.

Similarly when log-normal distributions are plotted on a log_
probability grid, a straight line results,‘the geométric mean beiﬁg

equal to the 50 percent size and the geometric deviation given by

84.13% size
S¢ = T50% size

It can be seen that ¢g for a log-normal distribution can be given by

_ s - B4.13% size
¢g - ai ' - 5Q size
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B-3 Replication of Data (5)

The mean of two size distributions from the same pepulation is
given by _ _ _
d = mdy) +npdy
By np
where nj .and n, are the sizes of the two random samples meking up the
distributions.

The standard deviation of the -two size distributions is give:i by

| N5, + nas.o nn(?l--a)2 :
s = 171 - T2k2 + SlTeNTLr 2
' ny +np (nq + n2)2
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